Introduction {#sec1-1}
============

Plants especially fruits and vegetables are known to possess phytochemicals such as flavonoids and vitamins that exhibit significant amounts of antioxidant activity and that can be utilized to scavenge the excess free radicals from human body.\[[@ref1][@ref2]\] Natural antioxidants exhibit many biologically important functions which include protection against oxidative stress, degenerative diseases and are reported to possess antibacterial, antiallergic, antiviral, anti-inflammatory, anticancer, antiaging activity, and hepatoprotective properties.\[[@ref3][@ref4][@ref5]\] Therefore, the evaluation of antioxidant activity of various indigenous vegetables that were delineated by various texts of Ayurveda and used till date, is necessary for the identification of their capacity to scavenge the free radicals.

Though there are a number of methods to evaluate antioxidant activity, 1,1-diphenyl-2-picrylhydrazyl (DPPH), free radical scavenging method offers the first approach for evaluating the antioxidant potential because of the good stability, credible sensitivity, inexpensive, simplicity, and feasibility.\[[@ref6][@ref7]\]

The total antioxidant capacity was determined by phosphomolybdenum method and is based on the reduction by the antioxidant compounds and the formation of a green complex.\[[@ref8]\]

*Rivea hypocrateriformis* (Desr.) Choisy of family convolvulaceae is considered botanical source of "*Phanji*" mentioned in Ayurvedic text *Raja Nighantu* under the group of vegetables with *Grahi*, *Deepana*, *Pachana*, *Ruchya*, and *Tridosha Shamaka* properties\[[@ref9]\] and is used traditionally by hill dwelling *Kandha* tribes of Odisha as vegetables.\[[@ref10]\] Besides known to be consumed as a leafy vegetable, it is also reported for its ethnomedicinal uses in cough, headache, skin disease, etc.\[[@ref11][@ref12]\] Hence, the objective of this study was to determine antioxidant properties of leaves of *R. hypocrateriformis* using a set of *in vitro* antioxidant assays including scavenging of DPPH and total antioxidant capacity along with the nutritional evaluation.

Materials and Methods {#sec1-2}
=====================

Collection and preservation of the sample {#sec2-1}
-----------------------------------------

Leaves of *R. hypocrateriformis* were collected from its natural habitat \[[Figure 1](#F1){ref-type="fig"}\], Rakha Khatia forest area, Jamnagar, Gujarat, during October 2012 on the basis of its morphological characters such as twining shrub with dark purple glands present at the base where lamina is attached to the petiole\[[@ref13]\] and comparing them with the reported characters mentioned in Flora\[[@ref14]\] \[[Figure 2](#F2){ref-type="fig"}\]. A sample specimen was authenticated by an expert taxonomist and deposited to institutes pharmacognosy museum (Specimen No: PHM 6063/21/09/2012) for future references \[[Figure 3](#F3){ref-type="fig"}\]. The leaves were washed, shade dried, powdered, sieved through 80 mesh, and preserved in an air-tight glass vessel.

![*Rivea hypocrateriformis* in its natural habitat](AYU-36-298-g001){#F1}

![*Rivea hypocrateriformis* with its white-scented flowers](AYU-36-298-g002){#F2}

![Herbarium specimen of *Rivea hypocrateriformis* with its flower and fruit](AYU-36-298-g003){#F3}

Preliminary qualitative tests {#sec2-2}
-----------------------------

The aqueous extraction was done with Soxhlet apparatus,\[[@ref15][@ref16]\] which was evaporated under reduced pressure to get dried extract, and was utilized for various qualitative tests such as detection of alkaloids by using Mayer\'s test\[[@ref17]\] and Dragendorff\'s test;\[[@ref18]\] detection of glycosides by modified Borntrager\'s test\[[@ref19]\] and Keller--Killiani test;\[[@ref18]\] detection of saponin by Foam test;\[[@ref20]\] detection of phytosterols and triterpenoids by Liebermann\'s test,\[[@ref17]\] Liebermann--Burchard test,\[[@ref17]\] and Salkowski test;\[[@ref21]\] detection of fixed oils and fats by oily spot test;\[[@ref18]\] detection of flavonoids by alkaline reagent test;\[[@ref22][@ref23]\] and detection of phenols and tannins by ferric chloride test\[[@ref20]\] and test for tannins.\[[@ref20]\] The presence of carbohydrates was detected by Molisch\'s test.\[[@ref18]\]

Nutritional evaluation {#sec2-3}
----------------------

Estimation of energy value - The sample calorific value was estimated (in kcal) by multiplying the percentage crude protein, crude lipid, and carbohydrate by the recommended factor (2.44, 8.37, and 3.57, respectively) used in analysis. The caloric value was determined based on the Atwater factor.\[[@ref24]\]

Carbohydrates was determined using cupric tartrate; the precipitate formed was compared with dextrose of known concentration.\[[@ref25]\] Estimation of crude fat was performed using n-hexane as solvent by Soxhlet extraction method.\[[@ref25]\] The crude protein was determined by the Kjeldahl method with slight modification and the absorbance at 470 nm.\[[@ref25]\] Determination of moisture content was carried out by standard procedure mentioned in Ayurvedic Pharmacopeia of India.\[[@ref26]\] All the minerals except phosphorus were analyzed from a triple acid-digested sample by an atomic absorption spectrophotometer.\[[@ref27]\] The phosphorus content in the triple acid digested extract was determined colorimetrically.\[[@ref28]\]

Antioxidant assay {#sec2-4}
-----------------

***1,1-diphenyl-2-picrylhydrazyl radical scavenging activity***

Methanol was used to prepare 100 µM of DPPH solution. Dimethyl sulfoxide (DMSO) was used to obtain 10.5 mg/ml, 10.5 mg/ml, and 21 mg/ml concentrations of ascorbic acid, rutin, and extract, respectively which were serially diluted with DMSO to obtain lower concentrations. Various concentrations of sample were added to DPPH solution, and the absorbance of DPPH reagent was determined at 490 nm after 30 min of incubation, using a microplate reader.\[[@ref29]\]

***Total antioxidants assay***

Accurately weighed 55 mg of the *R. hypocrateriformis* aqueous extract and standard ascorbic acid dissolved in 5 ml of DMSO. The lower dilutions were made serially with DMSO. An aliquot of 0.1 ml of the sample solution containing a reducing species in DMSO was combined with 1 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate). The tubes were capped and incubated in water bath at 95°C for 90 min, and the absorbance was measured at 695 nm. The total antioxidant capacity was expressed as mM equivalent of ascorbic acid.\[[@ref30]\]

Results and Discussion {#sec1-3}
======================

Preliminary qualitative tests {#sec2-5}
-----------------------------

The observed results show the presence of tannin, alkaloids, flavonoids, carbohydrates and the absence of phenols, glycosides, saponin, phytosterols, and triterpenoids \[[Table 1](#T1){ref-type="table"}\].

###### 

Phytochemical analysis of *Rivea hypocrateriformis* leaf aqueous extract

![](AYU-36-298-g004)

Carbohydrates are rich source of energy. Alkaloids have pharmacological effects and are used as medications;\[[@ref31]\] foods rich in tannins are considered to be of low nutritional value,\[[@ref32]\] and also have got anti-inflammatory effect.\[[@ref30]\] The other remedial values of tannins include application on burns to heal the injury and cuts to stop bleeding. Tannins are proved hemostatics. Flavonoids have a wide range of biological and pharmacological activities in *in vitro* studies such as antiallergic, anti-inflammatory, antioxidant, antimicrobial (antibacterial, antifungal, and antiviral), anticancer, and antidiarrheal activities.\[[@ref33]\]

Nutritional evaluation {#sec2-6}
----------------------

The results of nutritional analysis of *R. hypocrateriformis* leaf are presented in [Table 2](#T2){ref-type="table"}.

###### 

Nutritional values of leaf of *Rivea hypocrateriformis*

![](AYU-36-298-g005)

Leaves of *R. hypocrateriformis* are a good source of energy and micronutrients. It possesses zinc, phosphorous, magnesium, and calcium along with protein, fat, and carbohydrate. It has the highest amount of energy content.

Antioxidant assay {#sec2-7}
-----------------

***1,1-diphenyl-2-picrylhydrazyl radical scavenging activity***

The IC50 values of the extract and ascorbic acid were found to be 254 ± 5.29 μg/ml and 11.67 ± 0.58 μg/ml, respectively. Percentage scavenging of DPPH radical was found to rise with increasing concentration of the crude extract \[[Graph 1](#F4){ref-type="fig"}\].

![Graphical presentation of 1,1-diphenyl-2-picrylhydrazyl radical scavenging assay of *Rivea hypocrateriformis*](AYU-36-298-g006){#F4}

***Total antioxidant capacity***

Total antioxidant capacity of the extract is 111.30 ± 0.003 mcg \[[Table 3](#T3){ref-type="table"}\]. Total antioxidant capacity is expressed as the number of AAE.

###### 

Antioxidant assay of *Rivea hypocrateriformis* leaf

![](AYU-36-298-g007)

The drug possesses mild antioxidant potential as compared to the standard ascorbic acid by DPPH radical scavenging activity.

Reactive oxygen species (ROS) or free radicals cause damage to the cell and its organelles thus, resulting in various diseases. The naturally occurring antioxidants of the body are not able to protect the body from the excessive free radicals damage, so there is need to supply antioxidants through food that we eat. The fruits and vegetables are known to possess natural antioxidants which are safer and possess various pharmacological properties.\[[@ref34][@ref35]\] Epidemiological studies show that the consumption of vegetables and fruits can protect humans against oxidative damage by inhibiting or quenching free radicals and ROS. Flavonoids are powerful antioxidants against free radicals and are described as free-radical scavengers.\[[@ref36]\]

Phytochemical analysis of aqueous extract of leaf of R. Hypocrateriformis (Desr.) Choisy showed the presence of alkaloids, carbohydrates, flavonoids, and tannins. The drug is possessing phytoconstituents such as flavonoids and tannin, which have been proved as potent antioxidants occurring in different plants.\[[@ref5]\] Together, these compounds act as protective scavengers against oxygen-derived free radicals and ROS that play a healing role in aging and various disease processes.

Many recent studies demonstrate that antioxidants diminish oxidative damage by virtue of anti-inflammatory effects thus protect the lung in a model of oxidative lung injury.\[[@ref37][@ref38]\] Antioxidant supplementation is also reported for protective effect on the oxidant-mediated cough depression which may be of significance in respiratory infections.\[[@ref39]\] Antioxidant protects cells against oxidative injury, which induce protein damage, apoptosis, or release of pro-inflammatory mediators, such as cytokines. Topical application or oral administration of antioxidants has been recently suggested as preventive therapy for skin photoaging, ultraviolet-induced cancer, and certain skin diseases.\[[@ref40]\] This proves its usefulness in ethnopharmacological claims to be useful in the management of cough, asthma, and skin disease in which it is used.

Conclusion {#sec1-4}
==========

*R. hypocrateriformis* is considered as the botanical source of *Phanji*, a leafy vegetable mentioned in the Ayurvedic text which is said to be useful in *Shvas* and *Kasa*. The leaves of *R. hypocrateriformis* possess mild antioxidant potential that may be because of the constituents possessed by the plant such as flavonoids. The study revealed that the plant is good source of energy and micronutrient and can be used as nutritious leafy vegetable in daily life and specifically in conditions such as cough, skin disease, and asthma. Further study of the plant is essential to evaluate its usefulness in the management of asthma, cough, and skin disease.
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